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Experimental challenges in identifying various types of magnetic ordering in graphene
quantum dots (QDs) pose a major hurdle in the application of these nanostructures for
spintronic devices. Based upon phase diagrams obtained by employing the pi-electron Pariser-
Parr-Pople (PPP) model Hamiltonian, we demonstrate that the magnetic states undergo phase
transition under the influence of an external electric field. Our calculations of the electro-absorption
spectra of these QDs indicate that the spectrum in question carries strong signatures of their mag-
netic state (FM vs AFM), thus suggesting the possibility of an all-optical characterization of their
magnetic nature. Further, the gaps for the up and the down spins are the same in the absence of an
external electric field, both for the antiferromagnetic (AFM), and the ferromagnetic (FM) states of
QDs. But, once the QDs are exposed to a suitably directed external electric field, gaps for different
spins split, and, exhibit distinct variations with respect to the strength of the field. The nature of
variation exhibited by the energy gaps corresponding to the up and down spins is different for the
AFM and FM configurations of QDs. This selective manipulation of the spin-polarized gap splitting
by an electric field in finite graphene nanostructures can open up new frontiers in the design of
graphene-based spintronic devices.
I. INTRODUCTION
The existence of intrinsic magnetism in graphene is
a highly controversial issue which has evoked consider-
able research interest among the scientific fraternity for
the past few years.1–6 Theoretical studies1,2,4–17 have re-
vealed that quantum confinement, shape, edge topology,
and application of an external electric field have a pro-
found influence on the magnetic properties of graphene-
based nanostructures which can be efficiently exploited
for designing novel spintronic devices.18–21 It has been re-
cently predicted that the application of electric field can
induce energy-level shifts of spin-ordered edge states re-
sulting in phase transition between the different magnetic
states of zigzag-edged graphene nanostructures.1–3,5,6
Further, it was revealed that in case of the antiferro-
magnetic (AFM) phase of graphene nanostructures, the
applied electric field breaks the spin degeneracy lead-
ing to half-semiconducting behavior.3 Although a num-
ber of theoretical calculations probing magnetism in reg-
ular shaped graphene quantum dots (QDs) have been
performed, very little literature exists on such studies
of irregular shaped QDs.22 Recently, Chen et al.,22 pro-
vided experimental evidence of intrinsic magnetism in
graphene sheets with irregular zigzag edges. However, in-
disputable experimental evidence to corroborate various
theoretical predictions is still lacking due to the compli-
cations involved in precision measurements of weak mag-
netic signals in graphene nanostructures by employing
current techniques.22–25 This has inspired us to look at
other options to solve this problem, and in an earlier
work,26 we had analyzed an all-optical technique based
upon electroabsorption (EA) spectra to efficiently detect
the magnetic ground state of one-dimensional structures,
viz., graphene nanoribbons. In this work, we investigate
the use of EA spectroscopy to probe different magnetic
configurations of zero-dimensional graphene structures,
i.e., QDs. Employing a correlated pi-electron approach,
we compute the linear optical response of graphene QDs
of various shapes and sizes with, and without, static ex-
ternal electric fields applied in the plane of QDs in vari-
ous directions, and find that it is highly dependent upon
the magnetic states of the QDs concerned. In particu-
lar, the nature of variation exhibited by the energy gaps
corresponding to the up and down spins is different for
the AFM and FM configurations of QDs. Therefore, we
argue that the EA spectroscopy can prove to be a power-
ful alternative to convention magnetic measurements for
determining the magnetic states of graphene QDs. Fur-
thermore, selective manipulation of the spin-dependent
splitting of gaps by an electric field in finite graphene
nanostructures, namely, graphene QDs, can open up new
frontiers in the design of graphene-based spintronic de-
vices.
Remainder of this paper is organized as follows. In
section II we briefly describe our theoretical methodol-
ogy, while in section III our results are presented and
discussed. Finally, in section IV we present our conclu-
sions.
II. THEORETICAL METHODOLOGY
The symmetric structures considered here (cf. Fig. 1)
include a rectangular QD with 54 carbon atoms (RQD-
54), and a bowtie shaped QD with 38 atoms (BQD-
38), both of which have D2h symmetry. The QD with
40 atoms (GQD-40) exhibits lower C2v symmetry, while
those with 38, and 48 atoms (GQD-38 and GQD-48) are
completely asymmetric. Quantum dots RQD-54, BQD-
38, and GQD-38 have balanced sub-lattices, while GQD-
40 and GQD-48 have imbalanced sub-lattices.
These calculations have been carried out using the
effective pi-electron Pariser-Parr-Pople (PPP) model
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2Hamiltonian,27,28
H = −∑i,j,σ tij (c†iσcjσ + c†jσciσ)+U∑i ni↑ni↓
+
∑
i<j
Vij(ni − 1)(nj − 1) (1)
where c†iσ(ciσ) creates (annihilates) a pi orbital of spin
σ, localized on the ith carbon atom, while the total num-
ber of electrons with spin σ on atom i is indicated by
ni =
∑
σ c
†
iσciσ. Further, tij , U , and Vij , denote hopping,
onsite Coulomb repulsion, and long-range Coulomb inter-
actions, respectively. Hopping matrix elements tij were
restricted to nearest neighbor sites i and j, with their
uniform value t0 taken to be 2.4 eV, consistent with our
earlier calculations on polymers,29 polycyclic aromatic
hydrocarbons,30 and hydrogenated graphene nanofrag-
ments.31 Coulomb interaction in the PPP model Hamil-
tonian are parametrized as per the Ohno relationship32
Vij = U/κi,j(1 + 0.6117R
2
i,j)
1/2, (2)
where U , as described above, is the on-site electron-
electron repulsion term, κi,j represents the dielectric con-
stant of the system which simulates the screening effects,
and Ri,j is the distance (in Å) between the ith and jth
carbon atoms. In this work, we have performed calcula-
tions adopting “screened parameters”, with U = 8.0 eV,
κi,j= 2.0 (i 6= j), proposed initially by Chandross and
Mazumdar, for studying the optical absorption in PPV,33
and also used in several of our earlier works.26,29,30,34–42
Present calculations were performed at the restricted
Hartree-Fock (RHF) level for the non-magnetic states,
and the unrestricted Hartree-Fock (UHF) level for the
magnetic states, using a code developed in our group.42
The details of the calculations are given extensively in
our earlier works.26,30,31,40,42
All QDs considered here are assumed to lie in the x-
y plane, with their longer dimension along the y axis.
For EA calculations, the electric field is applied along
the y-axis (transverse direction), x-axis (longitudinal di-
rection), and diagonal directions in the x-y plane. All
carbon-carbon bond lengths and bond angles have been
fixed at 1.4 Å, and 120◦, respectively.
III. RESULTS AND DISCUSSION
A. Ordering of states and HOMO-LUMO band
gaps in the absence of electric field
In Table I we present the calculated difference in
Hartree Fock (HF) total energy of the excited states, with
respect to the ground state, and the HOMO-LUMO (H-
L) band gaps for different magnetic phases of graphene
QDs, in the absence of electric field. For the FM (AFM)
(a)
BQD-38
(b) RQD-54 (c) GQD-38 (d) GQD-40 (e) GQD-48
Figure 1: Schematic diagrams of QDs considered in this
work: (a) bowtie shaped (BQD-38), (b) rectangle
shaped (RQD-54), while (c), (d), and (e) denote dots of
lower symmetry GQD-38, GQD-40, and GQD-48,
respectively.
QD HF energy difference H-L band-gap
Eexc- Egnd (eV) (eV)
AFM FM NM AFM FM NM
phase phase phase phase phase phase
RQD-54 0.00 0.47 1.79 3.97 2.76 0.90
BQD-38 0.00 0.49 4.72 4.24 3.25 0.58
GQD-38 0.00 0.88 0.59 4.02 2.94 2.47
GQD-40 0.83 0.00 2.01 2.47 4.39 0.55
GQD-48 0.78 0.00 2.08 2.49 4.03 0.51
Table I: Calculated difference in Hartree-Fock energy of
the excited states with respect to the ground state and
HOMO-LUMO band-gap for different magnetic phases
of graphene QDs, in the absence of electric field. For
the FM (AFM) phases z-component of the total spin
(Sz) was taken to be 1 (0). For a given QD,
Eexc(Egnd), denotes the HF total energy of its higher
(lower) energy magnetic state (AFM/FM)
phases, the z-component of the total spin (Sz) was taken
to be 1 (0).
An analysis of the energy difference (Table I) indicates
that the QDs with balanced sublattices, i.e., equal num-
ber of A and B type atoms (RQD-54, BQD-38 and GQD-
38), have the AFM state as the ground state, while the
ones with imbalanced sublattices, namely, GQD-40 and
GQD-48, have a ferromagnetic (FM) ground state. This
is consistent with the Lieb’s theorem43 which states that
the spin S of the ground state of the Hubbard model
in neutral bipartite lattices is given by 2S= NA − NB ,
where NA and NB represent the number of atoms con-
stituting each sublattice. As far as the energetic order-
ing of various magnetic states is concerned, for RQD-54
and BQD-38, FM state follows the AFM ground state,
with the non-magnetic (NM) state placed the highest. In
comparison, for GQD-38, the excited state ordering is re-
versed. In case of GQD-40 and GQD-48, the AFM state
appears next after the ground state, followed by the NM
configuration.
The calculated H-L band gap (Table I) is largest for
the ground-state configuration (namely AFM phase for
RQD-54, BQD-38 and GQD-38 and FM state for GQD-
3(a)
BQD-38
(b)
RQD-54
(c)
GQD-38
(d)
GQD-40
(e)
GQD-48
Figure 2: Spin-density plots of AFM configurations of:
(a) BQD-38, (b) RQD-54, (c) GQD-38, (d) GQD-40,
and (e) GQD-48, in the absence of electric field. The
red and the blue spheres represent the two different spin
orientations (up/down or α/β) of the carbon atoms.
40 and GQD-48) while it is lowest for the NM state for
all the QDs. Thus, it is possible to identify the ground-
state magnetic coupling by analyzing the H-L band gap
(optical band gap) of these QDs.
B. Spin-density plots of different magnetic phases
of graphene quantum dots in the absence of electric
field
1. AFM phase
Figure 2 represents spin-density plots of AFM con-
figuration of BQD-38, RQD-54, GQD-38, GQD-40 and
GQD-48, in the absence of electric field. The red and
blue spheres represent the two different spin orientations
(up/down or α/β) of the carbon atoms.
It is obvious from the figure that the spin densities
corresponding to the two different spin orientations are
localized on the opposite sides of the different quantum
dots under consideration. This spatial asymmetry of the
spin densities gives rise to local magnetism with zero net
spin, expected for the AFM case.
2. FM phase
Figure 3 represents spin-density plots of FM state of
BQD-38, RQD-54, GQD-38, GQD-40 and GQD-48, in
the absence of electric field. It is observed that the
spin density is largest on the zigzag edges and decreases
rapidly from the zigzag edge to the middle of the QD.
In addition, the spin density corresponding to (up (α)
taken as majority spin) spin direction is more as com-
pared to that of the other spin orientation giving rise
to the FM character. In case of D2h symmetry QDs
(RQD-54 and BQD-38), the spin density is uniform at
the opposite edges of the quantum dots. However, in
case of lower symmetry (GQD-40) or completely asym-
metric QDs (GQD-38 and GQD-48), the spin-density cor-
responding to majority spin orientation (up or α) is con-
centrated more on one side of the dot, as compared to
the other side.
(a)
BQD-38
(b)
RQD-54
(c)
GQD-38
(d)
GQD-40
(e)
GQD-48
Figure 3: Spin-density plots of FM state of: (a)
BQD-38, (b) RQD-54, (c) GQD-38, (d) GQD-40, and
(e) GQD-48, in the absence of electric field. The red
and the blue spheres represent the two different spin
orientations (up/down or α/β) of the carbon atoms.
C. External electric field driven magnetic phase
transitions of graphene quantum dots
Figure 4 presents the magnetic phase diagrams of
BQD-38, RQD-54, GQD-38, GQD-40 and GQD-48, with
the external electric field in the plane of the QDs be-
ing the control parameter. It is observed that there is
no phase transition for QDs with balanced sublattices
(BQD-38, RQD-54, GQD-38), under the influence of a
longitudinal electric field (Ex). However, when these
QDs are exposed to a transverse electric field (Ey), AFM
order gets destroyed, resulting in an NM state. The in-
termediate FM phase for RQD-54 and BQD-38 is not
achieved during the transition from AFM to NM state.
Further, BQD-38, RQD-54, and GQD-38, undergo a
phase change from AFM to NM configuration when sub-
jected to an electric field in the xy plane, with unequal
x/y components. Initially the NM phase of BQD-38 is
stable when exposed to Ey(≥0.28 V/Å ) but disappears
at the instant Ex is switched on. However, at high values
of Ey (≥ 0.7 V/Å), the NM state is energetically stable
under the influence of both Ex and Ey. In case of GQD-
40, the ground state (FM) remains stable, while a phase
transition occurs from the first excited state (AFM) to
the second excited state (NM), when a low strength elec-
tric field is applied in any direction in the xy plane, as
depicted in the inset of the phase diagram of GQD-40.
The ground state (FM) remains unchanged when
GQD-40 is exposed to a purely longitudinal field. How-
ever, at higher values of Ey (≥0.54 V/Å ), a phase change
from the ground state (FM) to NM configuration is ob-
served. For this magnitude of Ey, the NM configuration
is destroyed, at the instant Ex is also applied. How-
ever, the NM phase becomes energetically stable at this
value of Ey, for higher strength of Ex (≥1.57 V/Å ). The
ground state (FM) of GQD-48, on the other hand, un-
dergoes a phase transformation to the AFM phase, with
the application of an electric field in any direction in the
xy plane. In this case, in contrast to GQD-40, an initial
phase change between the excited states is not observed.
Thus, direction of electric field plays an important role
in the tuning of phase transitions exhibited by QDs.
4Figure 4: Phase diagrams of the different magnetic
phases of BQD-38, RQD-54, GQD-38, GQD-40 and
GQD-48 in the presence of electric field. The inset of
GQD-40 represents a phase transition from the first
excited state (AFM) to the second excited state (NM).
D. Dependence of spin-polarized band-gaps of
AFM and FM phases on external electric field
Figure 5 represents the variation in the spin-polarized
H-L band-gaps of AFM and FM phases of QDs, as func-
tions of transverse electric field. The H-L band-gap corre-
sponding to the two different spin-orientations (α and β)
are degenerate in the absence of electric field, for both
the AFM, and the FM configurations. In case of the
AFM phase, the application of electric field results in a
splitting of the band-gaps for up and down spins. The
band-gaps of spin-down (β) electrons decrease uniformly,
while those of up-spin (α) electrons increases. However,
the band-gap of β electrons never closes due to finite-size
effect of the quantum dots.3 Thus, the behavior of the
spin-polarized band-gap under the influence of an exter-
nal electric field is not exactly half-metallic. With the
increasing electric field, the band-gap splitting decreases,
and eventually the gaps for α and β spins again become
degenerate for all the QDs considered, except GQD-48.
The band-gap splitting in AFM state arises due to the
spatial localization of the spin densities corresponding to
α and β spins at the opposite edges of the quantum dot
(Fig. 2). The application of electric field leads to a spin
transfer, due to charge transfer, between the opposite
corners of QDs, resulting in a decrease in spatial localiza-
tion of spins, and the band-gap splitting. The degeneracy
of the spin-polarized band gaps at higher electric fields is
due to phase transition of AFM state to NM state. Sharp
drops in the band gaps of RQD-54 and BQD-38 leading
to the spin degeneracy are due to the large difference be-
tween the band gaps of the AFM and NM states (Table
I) of these QDs. This splitting of the H-L band-gap is al-
ways evident when the QDs are subjected to an in-plane
transverse or diagonal electric field, while it is absent for
an in-plane longitudinal electric field for BQD-38, RQD-
54, GQD-38, and GQD-40. The band-gap splitting is
more pronounced for QDs (RQD-54, BQD-38) with high
symmetry (D2h symmetry), as compared to QDs (GQD-
38, GQD-40 and GQD-48) which exhibit either a lower
symmetry (C2v symmetry), or are completely asymmet-
ric.
For FM configurations, the H-L band-gap correspond-
ing to α and β spins remains degenerate under the influ-
ence of electric field in any direction, for D2h symmetry
QDs (RQD-54 and BQD-38), and it decreases with the
increasing field. However, for lower symmetry (GQD-40
with C2v symmetry) or asymmetric QDs (GQD-38 and
GQD-48), the electric field splits the gap for the two spin
orientations. With the increasing field strength, the gap
corresponding to one spin orientation (α) decreases more
rapidly as compared to that of the other spin (β). This
H-L gap splitting always occurs in the presence of in-
plane transverse and diagonal electric fields, while it is
absent for longitudinal electric field for GQD-40. This
band-gap splitting in the FM phase is due to the greater
concentration of spin-density of the same spin flavour at
one side, as compared to the other side of the quantum
dot (Fig. 3). Further, in contrast to the AFM phase, the
gaps corresponding to the α and β spins in the FM state
never become degenerate, even for extremely high values
of the electric field. This unique property of tuning of the
spin-dependent band-gap of AFM and FM arrangements
of QDs by electric fields of different strengths and align-
ments can be effectively used in the field of spintronics.
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Figure 5: Variation of spin-polarized HOMO-LUMO
band-gap of AFM and FM phase of QDs as a function
of an in-plane transverse electric field.
E. Electroabsorption spectra of various magnetic
phases of QDs
Next, we analyze the EA spectra, i.e., optical absorp-
tion spectra as a function of external electric field, of
various magnetic phases of QDs. The salient features ex-
hibited by the EA spectra of the AFM and FM phases of
BQD-38, RQD-54, GQD-40, GQD-48 and GQD-38 indi-
cate that, in the absence of a magnetic phase diagram,
the EA spectra is self-sufficient to predict not only the
magnetic ground state, but also the states attained by
the QDs after the phase transition. Next, we discuss the
calculated EA spectra of different classes of QDs consid-
ered in this work.
1. Highly symmetric QDs with D2h symmetry
The EA spectra of the AFM and FM phases of highly
symmetric QDs with D2h symmetry (BQD-38 and RQD-
54) corresponding to transverse, longitudinal and diago-
nal electric field, are presented in Figs. 6, 7 and 8, re-
spectively. Salient features of the calculated absorption
spectra are as follows.
1. The EA spectrum of AFM phase of BQD-38 and
RQD-54 exhibits a spin-sensitive split on applying
transverse electric fields. (Fig. 6(a) and Fig. 6(d)).
However, this spin splitting of the EA spectrum is
not observed, in the presence of transverse electric
field, for the FM phases of BQD-38 (6 (c)) and
RQD-54 ( Fig. 6 (f)). Thus, this distinctive feature
of the EA spectrum, in the presence of transverse
electric field, can be used to identify the ground
state magnetic configuration of these QDs.
2. At higher values of transverse electric fields
(Ey≈0.3 V/Å), the spin splitting of the EA spec-
trum of the AFM phase of BQD-38 and RQD-54
vanishes (pink solid line in figs. 6 (b) and 6 (e)),
indicating a phase transition. In order to identify
the state (FM or NM) attained by the QDs after
this phase transition, energy shifts of the EA spec-
tra with increasing transverse electric field (Ey>0.3
V/Å) are analyzed. If the AFM phase undergoes a
phase change to NM state at Ey≈0.3 V/Å, the EA
spectrum gets blue shifted at electric fields Ey>0.3
V/Å (see orange dashed lines in Figs. 6 (b) and 6
(e) at Ey=0.4 V/Å). On the other hand, if the FM
state is reached after the phase transition, the EA
spectrum gets red shifted at electric fields Ey>0.3
V/Å (see green dotted lines in Figs. 6 (b) and 6
(e), at Ey=0.4 V/Å). Since, the EA spectrum of
the AFM configuration at Ey=0.4 V/Å exhibits a
blue-shift and coincides with the EA spectrum of
the NM state at Ey=0.4 V/Å(figs. 6 (b) and 6 (e)
for BQD-38 and RQD-54, respectively), it implies
that the AFM phase undergoes a phase transition
to the NM state, as also predicted by their phase
diagrams (Fig. 4).
3. The EA spectra of the AFM phases of BQD-38
and RQD-54 do not exhibit a spin-sensitive split on
the application of longitudinal electric fields (Fig.
7). However, these spectra do exhibit split corre-
sponding to opposite spin orientations, when per-
turbed by an in-plane diagonal electric field (Fig.
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Figure 6: Computed EA spectrum broadened with a
uniform line-width of 0.1 eV for the (a) AFM phase of
BQD-38 (b) AFM (pink solid line) at Ey=0.3 V/Å, NM
(orange dashed line) and FM phase (green dotted line)
at Ey=0.4 V/Å, of BQD-38 (c) FM phase of BQD-38
(d) AFM phase of RQD-54 (e) AFM (pink solid line) at
Ey=0.3 V/Å, NM (orange dashed line) and FM phase
(green dotted line) at Ey=0.4 V/Å, of RQD-54 and (f)
FM phase of RQD-54. The red and black dotted lines
indicate the optical spectra for spin-down (β spin) and
spin-up (α spin) orbitals, respectively, in the presence of
Ey= 0.1 V/Å. The blue solid line indicates the optical
spectrum in the absence of electric field. Peak labels
imply peak numbers, with the subscripts indicating the
polarization directions.
8). Thus, we conclude that the presence of a trans-
verse component in the external electric field is es-
sential for spin splitting to be observed in the AFM
phase EA spectra of these QDs.
4. In case of the FM states of BQD-38 and RQD-54,
the EA spectra do not exhibit any spin-sensitive
split on application of in-plane longitudinal and di-
agonal electric fields. Thus, spin-sensitive splitting
of the optical spectrum, on the application of elec-
tric field in any direction, is not possible for the FM
phase of BQD-38 and RQD-54.
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Figure 7: Computed EA spectrum broadened with a
uniform line-width of 0.1 eV for the AFM and FM
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2. Low symmetry QDs
Calculated EA spectra of the AFM and FM phases of
QDs with C2v symmetry (GQD-40), and the ones with
no symmetry (GQD-38 and GQD-48), corresponding to
transverse, longitudinal and diagonal electric field, are
presented in Figs. 9, 10, 11, 12, 13 and 14. Main features
of the spectra are summarized below.
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1. The EA spectra of both the AFM and FM phases
of QDs of C2v (GQD-40), and totally asymmetric
QDs (GQD-38 and GQD-48), exhibit spin splitting
(Figs. 9 and 12), in the presence of transverse elec-
tric field. In case of the AFM state, the EA spectra
for α and β spins are shifted in opposite directions
with the increasing field strength, with the spectra
for α/β spins exhibiting blue/red shifts, with re-
spect to the absorption spectra in the absence of
electric field. However, for the FM phase, the EA
spectra for both types of spins get red shifted with
the increasing field. This marked difference exhib-
ited by the EA spectrum of AFM and FM states
can be used to characterize the magnetic ground
states of QDs of lower symmetries.
2. Absorption spectra of FM phase of completely
asymmetric GQDs (GQD-38 and GQD-48) exhibit
maximum sensitivity towards electric fields, and
split for two spin orientations when exposed to an
in-plane electric field in any direction (Figs. 9, 10,
11, 12, 13 and 14). However, the EA spectra of
the AFM and FM states of QDs of C2v symmetry
(GQD-40), similar to the behavior discussed ear-
lier for QDs with D2h symmetry, does not exhibit
a spin-sensitive split on application of a longitudi-
nal electric field (Fig. 13). This distinctive fea-
ture displayed by the EA spectrum can be used
to distinguish the low symmetry QDs, from totally
asymmetric ones.
3. In addition, when the magnetic ground states of
GQD-38 and GQD-40 undergo a phase transition to
the NM phase, the spin-dependent optical splitting
vanishes. For the AFM phase, the field-induced
splitting of the EA spectrum for two spin orien-
tations is more pronounced in the lower energy
region, because, the higher energy peaks are due
to excitations from orbitals further away from the
Fermi level, which exhibit decreasing spin polarity.
For all the QDs studied, the peak patterns for the
two spin orientations for AFM/FM states are quite
distinct, along with their relative intensities, even
at low values of the applied electric field. Thus, it
is possible to identify the magnetic ground state,
as well as the energy states attained after electric-
field driven phase transitions, by means of EA spec-
troscopy.
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Figure 15: Computed optical absorption spectra for NM
phases of GQD-38, GQD-48, GQD-40, BQD-38, and
RQD-54 in the presence of an in-plane transverse electric
field. The computed spectrum has been broadened with
a uniform line-width of 0.1 eV. Peak labels imply peak
numbers, with the subscripts indicating the polarization
directions.
The EA spectra for the NM phase, in the presence of an
in-plane transverse electric field, for all the QDs consid-
ered in this work has been given in Fig. 15. It is observed
that the EA spectra for the NM phase is drastically dif-
ferent from the EA spectra of the magnetic phases (AFM
and FM). Thus, we expect that EA spectra can be used
as to successfully differentiate various magnetic and non-
magnetic states of graphene quantum dots.
IV. CONCLUSIONS
In this work, calculations on different magnetic states
(AFM and FM) of graphene QDs have indicated that
energy gaps of these magnetic states exhibit spin depen-
dence. Also, the manner in which the spin-dependent
energy gaps vary, when exposed to a suitably aligned
electric field, is distinct for the AFM and FM configura-
tions of QDs. This empowers us to manipulate the band
gaps by an external electric field, which is of fundamen-
tal significance in spintronics. Additionally, our studies
have elucidated the correlation between spin density, and
optical band-gap splitting. It has been shown that en-
ergy band-gap splitting for the AFM phase arises due to
spatial localization of spin density corresponding to the
two distinct spin orientations on the opposite edges of
the quantum dots. In contrast, higher concentration of
spin density associated with same spin in one region of
the QD, as compared to the other regions, is responsible
for band-gap splitting in the FM state. We have then
shown that the magnetic states of QDs undergo phase
transitions on application of an electric field. Further-
more, we have demonstrated that the EA spectra of dif-
ferent magnetic states of QDs have distinct footprints
(peak pattern as well as nature of peak shifts). Thus,
by studying the variation of the EA spectra as a func-
tion of the field strength, one can efficiently distinguish
different magnetic states of QDs. We hope that our find-
ings will create ways to realize spintronic devices based
on graphene QDs, in the near future.
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